Introduction

30
Hyperglycaemia in pregnancy (HIP) is one of the commonest medical conditions encountered in cases are due to diabetes in pregnancy (DIP) which is either pre-existing type 1 or type 2 diabetes 36 or diabetes first detected at any time during the index pregnancy [1, 2] . The number of women 37 having hyperglycaemia in pregnancy is increasing as a result of the increasing prevalence of 38 obesity and diabetes in women and higher age at childbirth [3] .
39
Pederson's hyperglycemia-hyperinsulinism hypothesis, as proven by several studies, is still the 40 basis of research on feto-maternal metabolism [4, 5] . This hypothesis postulates that deficiency of 41 maternal insulin causes a rise in maternal glucose, which in turn increases fetal glucose levels.
42
This results in fetal hyperinsulinaemia which stimulates fetal growth and adiposity. Frienkel and 43 Metzger stated that deficiency of maternal insulin causes an increased influx of mixed nutrients or epidemic of obesity and diabetes through fetal programming and epigenetic changes [6] [7] [8] [9] .
51
While the peripartum and immediate postnatal complications of GDM have been well described, in pregnancy have had a small number of exposed offspring thus limiting the power of such 57 studies [10, 11] . A large number of studies have reported a positive association between HIP and 58 overweight and obesity [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] , while few studies have not shown such an association [11, 30]. Given the limited evidence from South Asian populations for risk estimates for childhood 60 obesity that are attributable to maternal diabetes in utero, further studies in these populations were 61 identified as an important research need [31] . South Asians present with greater metabolic risk at 62 lower levels of BMI compared with other ethnic groups, with type 2 diabetes developing at a 63 younger age and rapidly progressing to other complications [32] [33] [34] . Many studies have shown 64 that being obese in childhood and adolescence is associated with obesity in the adult life, and 65 overweight in adolescence is considered an important predictor of long-term morbidity and 66 mortality [28, [35] [36] [37] [38] . Given the high risk of diabetes and cardiovascular diseases and rising trend 5 67 of obesity among South Asians, it is imperative that we identify risk groups and target interventions 68 from early life to mitigate the escalating epidemic of non-communicable diseases.
69
The aim of this study was to determine the association between the intrauterine exposure to 70 hyperglycaemia and anthropometric measurements in offspring at 10 -11 years of age in Sri Lanka 71 and to determine whether the association was independent of child's birth weight, parity and 72 mother's pre-pregnancy BMI. (≥140mg/dl) was taken as the criterion for diagnosis of GDM (42).
74
Materials and Methods
75
Study design and population
96
Since Sri Lanka does not have an electronic database system for keeping patient records and paper- The study was conducted in three stages. In the first stage of the study, a self-administered reported hyperglyceamia in the index pregnancy was 3.5% (N=257). Eighty eight percent (n=226) 113 of mothers of children exposed to HIP still had antenatal records of index pregnancy compared to 114 69% (n=4811) of mothers of children not exposed to HIP. Potential participants for the main study 115 were identified at the end of the first stage. All children whose mothers had antenatal records and 116 gave a history of HIP during the index pregnancy were considered as "potential participants" to be 117 included in the "exposed group". For each potential participant in the exposed group, two children 118 of mothers with antenatal records and no history of HIP during the index pregnancy were selected 119 from the same PHM area as "potential participants" to be included in the "non-exposed group".
120
During the second stage, the mothers of all potential participants of "exposed" and "non-exposed" 121 groups were invited to participate in the "eligibility assessment sessions". These eligibility 122 assessment sessions were conducted at PHM area level as it was easily accessible to all mothers 123 thus maximizing participation.
124
The research team interviewed the mothers of potential participants and scrutinized their antenatal 125 and medical records to identify participants meeting the inclusion criteria (born in 2005, 126 availability of antenatal records, singleton pregnancy) which were previously decided by a group 127 of experts comprising of specialists in obstetrics, obstetric medicine and public health. Having 128 received antenatal care in a unit lead by a Consultant Obstetrician was one of the eligibility criteria 129 for both "exposed" and "non exposed" groups to counter the possibility of misclassification due digital scale (SECA 876). Height was measured to the nearest 0.1 cm using a SECA stadiometer.
157
Waist circumference was measured to the nearest 0.1 cm at the mid-point between the lowest rib 158 and the top of the iliac crest with a non-elastic tape. Triceps skinfold thickness was measured to 159 the nearest 0.2mm using a Harpenden skinfold caliper. Two measurements were taken and the 160 mean was used for analysis. The same instruments were calibrated regularly and used throughout 161 the study. Anthropometric outcome measures were ascertained as follows.
172
Overweight
173
Overweight was defined as a BMI for age > +1 SD (equivalent to BMI 25kg/m 2 at 19 years)(44).
174
Obesity
175
Obesity was defined as a BMI for age > +2 SD (equivalent to BMI 30kg/m 2 at 19 years) (44 At the time of the outcome assessment, the age of all participants ranged between 10.3 years to 231 11.6 years with a mean of 10.85years (SD=0.39). Mothers of children exposed to HIP were older 232 and had significantly higher BMI at the booking visit in the first trimester compared to mothers of 233 non-exposed children (p<0.001). Exposed children were heavier at birth and had a shorter 234 gestational age compared to non-exposed children (p<0.001). About half of the children in ONHIP 235 group were firstborns compared to only one third of children in the OHIP group (p=0.002).
236
Sociodemographic characteristics, breast feeding practices, dietary energy intake and physical 237 activity level were not significantly different between the two groups. The mean BMI-for-age z-score of exposed children was significantly higher than that of non-253 exposed children (P<0.001). Exposed children were significantly heavier and had significantly 254 higher median BMI, WC and TSFT than the non-exposed children (p< 0.001). The prevalence of overweight, abdominal obesity and high TSFT were significantly higher among 265 the offspring of mothers who had HIP. The high prevalence of abdominal obesity (7.1%) and high 266 TSFT (20.8%) even among the children not exposed to HIP is a concern. Children exposed to HIP 267 were 2 times more likely to be overweight and have abdominal obesity and have a TSFT > 70 th 268 percentile than non-exposed children (p < 0.01). Prevalence of obesity was similar in both groups. reported in this study is consistent with earlier studies (14, 16, 21, 22, (53) (54) (55) (56) . A comprehensive overweight and obesity among offspring of mothers who had HIP (11, 14, 17, 18, (21) (22) (23) (24) (25) (57) (58) (59) (60) .
304
However, in contrast to other studies, the prevalence of obesity (BMI-z-score > +2SD) was similar 305 in the exposed and non-exposed groups in our study.
306
In our study, children exposed to intrauterine hyperglycaemia had a significantly higher waist 307 circumference at 10 years compared to non-exposed children. Previous studies have reported 308 similar findings of significantly higher waist circumference among offspring exposed to 309 hyperglycaemia in utero including a multinational study involving 206 offspring of GDM mothers 310 and 4534 offspring of non-GDM mothers from 12 countries (24,61,62).
311
In our study, children exposed to HIP had significantly higher TSFT than children not exposed to 312 HIP (13.3mm vs 9.9 mm; p< 0.001). Wright et al, observed that children exposed to GDM had (26). When the same cohort was assessed at 9.5 years of age, they observed a significantly 318 higher BMI and TSFT among girls exposed to intrauterine hyperglycaemia but not among boys 319 (14). No significant difference between the growth of the boys and girls was observed in our study
320
(results not shown).
321
In contrast to the many studies where the association between maternal HIP and child overweight 322 attenuated towards the null after adjusting for maternal BMI (11,56,57)(62), our results were 323 statistically significant even after adjusting for maternal BMI, child's birth weight and birth order.
324
We included offspring of women with any type of HIP (gestational diabetes, pre-existing diabetes 325 or overt diabetes first detected in pregnancy) in the "exposed" group without stratification by type 326 of diabetes based on previous research which showed that long-term consequences of HIP on 327 offspring overweight are independent of mother's diabetes type (25, 64, 65 
348
Having a large number of offspring exposed to HIP is a major strength of our study. Selecting both 349 "exposed" and "non-exposed" children from the same source population in the community based 350 on antenatal records reduced recall bias and misclassification. Since exposure was assigned on an 
